INTRODUCTION
Macrophages are involved in host defense through pathogen phagocytosis, antigen presentation, and production of pro-inflammatory cytokines. In addition, macrophages are involved in the resolution of inflammation via removal of apoptotic cells and production of several molecules, including interleukin-10 (IL-10), which has anti-inflammatory properties. 1, 2 Balance between pro-and anti-inflammatory cytokines is a characteristic difference among macrophage phenotypes.
IL-10 is an anti-inflammatory cytokine and its receptor is expressed in several types of immune cells. It is mainly produced by T helper cells, but also by other cells such as macrophages and dendritic cells. Recently, it was reported that IL-10 produced by macrophages, but not by T cells, suppresses gut inflammation in mice. 3, 4 The result that a certain enterobacterium promotes IL-10 production by macrophages suggests the significance of macrophage IL-10 production in the maintenance of gut immunity. Furthermore, IL-10 production from tumor-associated macrophages (TAMs), which are present in tumor tissues, is also significant. IL-10 in cerebrospinal fluid may be positively associated with the infiltration level of TAMs in primary central nervous system lymphoma. 5 In addition, IL-10 contributes to the proliferation of lymphoma via STAT3 activation, 6 which is related with PD-L1/2 expression by lymphoma cell lines. 7 The mechanism of IL-10 production has been studied in macrophages as well as in other cells. 8 In macrophages, several studies have demonstrated that downstream pathways of pattern recognition receptors, particularly toll-like receptors (TLRs), regulate the production of TLR-induced cytokines, including IL-10. 9 Therefore, the regulation of TLRs or their downstream factors may change the production of all TLRinduced cytokines, but not the balance between the production of IL-10 and the pro-inflammatory cytokines. Several other molecules have been reported to affect the production of IL-10. Bcl3, a member of the IκB family, reportedly inhibits the transcription of IL-10 in macrophages. 10 Tristetraprolin (Zfp36) is an RNA-binding protein required Genome-wide siRNA screening in mouse bone marrowderived macrophages revealed that knockdown of ribosomal proteins suppresses IL-10 and enhances TNF-α production Yoshihiko Okamura, 1) Naoyuki Makita, 1) Yoshiyuki Hizukuri, 1) Yasuhiro Hayashi for the rapid degradation of mRNAs containing AU-rich elements, including IL-10. 11 Prostaglandin E2 induces macrophage IL-10 production and the formation of regulatory-like macrophages via a salt-inducible kinase. 12 Furthermore, the Bcr-Abl and Src inhibitors dasatinib and bosutinib, respectively, elevate the production of IL-10 and suppress several pro-inflammatory cytokines in bone marrow-derived macrophages (BMDMs) by inhibiting salt-inducible kinase 2. 13 Macrophage polarization also plays a key role in IL-10 production. However, the molecules involved in IL-10 production and the balance between pro-and anti-inflammatory cytokines in macrophages have remained elusive.
To identify these molecules, we took a functional genomics approach in this study. In the last decade, this approach has been frequently adopted using RNAi screening with the emergence of small interfering RNA (siRNA) and short hairpin RNA (shRNA). 14, 15 In RNAi screening, different sizes of siRNA or shRNA libraries, from focused to genome-wide, are used for different purposes. The screen can be performed in an arrayed or pooled format. Generally, the arrayed format requires a greater amount of resources, whereas the pooled format limits the assay type. In the arrayed format, siRNA and shRNA can be used; however, an arrayed shRNA library is relatively expensive. RNAi screening has already been applied in studies on macrophages. 16 Ley S. et al. reported that targets whose knockdown induced co-suppression of IL-6/IL-10 expression in primary human monocyte-derived macrophages were identified from 8,495 shRNA constructs. In this study, however, we planned to identify modulators of the balance between pro-and anti-inflammatory cytokines using a whole-genome library. In particular, we first planned to measure IL-10 production and subsequently measure TNF-α production as representatives of anti-and pro-inflammatory cytokines, respectively. We chose the arrayed format because we measured concentrations of these cytokines in the supernatant. Furthermore, mouse BMDMs are a suitable in vitro model for understanding the mechanisms controlling functional states of macrophages because they can be obtained in large numbers and are suitable for large-scale screening. [17] [18] [19] 
EXPERIMENTAL METHODS
Primary screening and the reproducibility assay were performed with the mouse siGENOME siRNA library (G-015005-01; Mouse Genome, GE Dharmacon, Lafayette, CO, USA). This library contains 19,061 siRNA pools (SMARTpools): each pool contains four distinct siRNAs against non-overlapping regions of the target gene mRNA. BMDMs were generated as described previously. 20 siRNAs were transfected into BMDMs at a final concentration of 45 nM using HiPerFect transfection reagent (Qiagen, Hilden, Germany) in a 384-well format. After 3 days, the cells were stimulated with 100 ng/mL of lipopolysaccharide (LPS) for 24 hr. Concentrations of IL-10 or TNF-α in the media were quantitated with the AlphaLISA mouse IL-10 immunoassay k i t o r A l p h a L I S A m o u s e T N F -α i m m u n o a s s a y k i t (PerkinElmer, Waltham, MA, USA). Cell viability was quantitated by the CellTiter-Glo luminescent cell viability assay (Promega, Madison, WI, USA). Please refer to the Supplemental Materials and Methods for detailed explanations of experimental methods. In the deconvolution assay, 4 single siRNAs comprising each siRNA pool were individually assayed as in the reproducibility assay described above. The details of single siRNAs used in Fig. 2 and 4 are shown in Supplemental Table 1 .
RESULTS

Establishment of a high throughput siRNA assay in mouse BMDMs
To conduct an siRNA screen, it is important to determine the conditions under which sufficient knockdown is achieved. An additional factor in our study was that primary macrophages are known to be difficult to transfect. 21 Therefore, we examined several siRNA transfection conditions, and selected the HiPerFect transfection reagent because it exhibited the best knockdown effects without cell toxicity (Supplemental Table 2 ).
The timeline of the screening procedure is shown in Fig.  1A . As BMDMs did not produce cytokines without stimulus, we stimulated BMDMs with LPS. We planned to stimulate BMDMs with LPS after protein knockdown. The period of time required for sufficient protein knockdown after siRNA transfection differs among genes, but gene expression usually recovers 96 to 120 hr after siRNA transfection. 22 Therefore, we added LPS to cells 4 days after siRNA transfection, before the gene expression recovered. The concentration of IL-10 in BMDM supernatants and cell viability were measured one day after LPS stimulation.
To adjust for plate-to-plate variability, control siRNAs were needed. As mentioned in the introduction, it was reported that Bcl3 inhibits the transcription of IL-10 10 and that Zfp36 degrades IL-10 mRNA. 11 The supernatants of BMDMs transfected with either Bcl3 or the Zfp36 siRNA pool and stimulated with LPS had high IL-10 concentrations. Therefore, we deconvoluted these pools and re-assayed. We chose Zfp36 siRNA (D-041045-04) as one of the controls because it was the strongest IL-10 inducer. Several non-targeting siRNAs were prepared by GE Dharmacon, and we chose non-targeting siRNA (D-001210-02) as an additional control because it exhibited a degree of IL-10 production similar with that of cells not transfected with siRNA.
Primary screening for siRNAs that up-or down-regulate IL-10
An overview of the screening cascade, and relationships with the following figures and tables are shown in Fig. 1B . We screened the GE Dharmacon mouse siGENOME siRNA library (genome-wide; 19,061 genes). The normalized percentage of control (NPC), whose formula is presented in Supplemental Materials and Methods, was used for candidate gene selection. We set NPC >20 as the criterion for Reproducibility Assay IL-10-up-regulating hits because this criterion was roughly equal to the value of the average plus 3-times the standard deviation in "non-targeting siRNA". On the other hand, we set NPC <-30 as the criterion for IL-10-down-regulating hits because the number of IL-10-down-regulating siRNA pools was large, and we needed to narrow down the hit siRNA pools to a manageable size (Supplemental Fig. 1B ). We disregarded siRNA pools that affected cell viability. The index of assay quality via this screen was acceptable (Supplemental Fig. 2 ). Overall, 192 IL-10-up-regulating hits (NPC >20) and 530 IL-10-down-regulating hits (NPC <-30) were obtained (Fig.  1B) , and they had no overt effects on cell viability. Indicative of a successful screen, we recovered Bcl3 and Zfp36 siRNA pools in up-regulating hits, and Tlr4 and Myd88 siRNA pools, which target the genes encoding the LPS receptor and its adaptor proteins, respectively, in downregulating hits. Next, we assayed these 192 and 530 hits, among which 112 and 497 siRNA pools were reproducible, respectively (Fig. 1B) . We again recovered Bcl3 and Zfp36 siRNA pools. We took 110 siRNA pools for further validation without Bcl3 and Zfp36 siRNA pools because their functions were known. In the reproducibility assay for IL-10-down-regulating hits, both IL-10 and TNF-α in the BMDM supernatants were measured at the same time; we focused on these data later.
Deconvolution assay for removal of off-target effect hits and evaluation of TNF-α production with IL-10-upregulating siRNAs
The rate of off-target effects (OTEs) is generally high in RNAi screens. 23 OTEs were mainly derived from partial complementarity between seed regions (bases 2-8) of siRNAs and 3' untranslated regions (UTRs) of off-target genes. The deconvolution assay is the standard method when primary screens are performed on 3-4 siRNA pools/well. The siRNA pools scored with more than 2 siRNAs after deconvolution are generally regarded as high-confidence hits. Therefore, 110 up-regulating siRNA pools were deconvoluted to 440 single siRNAs, and these siRNAs were then assayed. In this screen, the cut-off value was set at NPC >20. Seventy-eight single siRNA hits were identified (Supplemental Table 3 ), and the number of siRNA pools scored with more than 2 siRNAs was 8 ( Fig. 2A) .
These 8 high-confidence hits included Cnot1 (CCR4-NOT transcription complex subunit 1) and Rc3h1 (RC3H1 ring finger and CCCH-type domains 1, Roquin-1), components of the CCR4-NOT complex, which binds to the stem loops of ICOS and TNF-α mRNAs and degrades them. 24 Our result suggested that the CCR4-NOT complex also binds and degrades IL-10 mRNA.
In the deconvolution assay, both IL-10 and TNF-α in the BMDM supernatants were measured at the same time (Fig.  2B) . For reference, cell viability data are shown in Supplemental Fig. 3A . Overall, no siRNAs significantly decreased TNF-α production. Therefore, we focused on other siRNAs that suppressed IL-10 production.
Evaluation of TNF-α production with IL-10-downregulating siRNAs
As the number of IL-10-down-regulating siRNA pools was much larger than that of IL-10-up-regulating siRNA pools, it was difficult to carry out deconvolution assays for all of the down-regulating siRNA pools. Therefore, we analyzed the data for TNF-α production in 497 reproducible hits of IL-10-down-regulating siRNA pools in the reproducibility assay before performing deconvolution assays. We focused on inverse regulators of IL-10 and TNF-α from siRNA pools that met the criteria of NPC (IL-10) <-50 and NPC (TNF-α) >75 (Fig. 3A, Table 1 ). Interestingly, there were 7 siRNA pools targeting ribosomal proteins among the 21 siRNA pools listed in Table 1 . Furthermore, the number of siRNA pools targeting ribosomal proteins among 497 reproducible hits in the IL-10-down-regulating siRNA pools in the reproducibility assay was 24. Among these 24 siRNA pools, only 1 siRNA pool (Rps18) caused low viability. The result of the 23 siRNA pools targeting ribosomal proteins is shown in Fig. 3B and C. Nineteen siRNA pools demonstrated relatively high TNF-α production (NPC (TNF-α) >50). For reference, there were 64 siRNA pools targeting ribosomal proteins included in the whole-genome library.
siRNA pools targeting Rps3 have been reported as negative regulators of inflammatory signaling 25 and exhibited high TNF-α production in this study (Fig. 3C) . We speculated that there were negative regulators of inflammatory signaling in ribosomal proteins other than Rps3. We performed a deconvolution assay for 4 representative siRNA pools (Rpl4, Rpl11, Rpl35 and Rps15a) that caused high TNF-α production in siRNA pools targeting ribosomal proteins. Almost all of the single siRNAs demonstrated, not only low IL-10 production (Fig. 4A ), but also high TNF-α production (Fig. 4B ). In addition, these siRNAs did not exhibit cell toxicity (Supplemental Fig. 3B ). Thus, these ribosomal proteins were high-confidence hits and their knockdown suppressed IL-10 production and enhanced TNF-α production in mouse BMDMs.
DISCUSSION
We carried out a genome-wide siRNA screen using BMDMs and picked up IL-10-up-regulating and down-regulating siRNA pools. To confirm whether these siRNA pools were high-confidence hits, deconvolution assays were conducted. In the deconvolution assay for IL-10-up-regulating siRNA pools, only 17.7% (78 out of 440) single siRNAs were active, and only 8 siRNA pools were identified as highconfidence hits, including siRNAs targeting 2 members of the CCR4-NOT complex, Cnot1 and Rc3h1. In addition, siRNA pools targeting Cnot3 and Cnot10, also members of the complex, had scores of 1 (Supplemental Table 3 ). In this context, these siRNAs were likely high-confidence hits. Therefore, we considered true hits to exist in siRNA pools that only scored 1. In contrast, 4 representative IL-10-downregulating siRNA pools were assayed in the deconvolution format, and almost all of the single siRNAs were active (Fig.  4A) . We speculated that this gap came not only from setting a stricter cut-off criterion for IL-10-down-regulating siRNAs than for IL-10-up-regulating siRNAs, but also from a higher Z' value between the "no LPS" and "non-targeting siRNA" groups than that between the "non-targeting siRNA" and "Zfp36 siRNA" groups (Supplemental Fig. 2C) .
The deconvoluted single siRNAs from the 8 high-confidence hits of IL-10-up-regulating siRNA pools did not exhibit lower TNF-α production than "non-targeting siRNA". However, the siRNAs with relatively lower TNF-α production warrant further investigation as IL-10 inducers. For example, Gpt (glutamate-pyruvate transaminase), with a score of 2 ( Fig. 2A) , is an enzyme that catalyzes the reversible transamination of L-alanine and α-ketoglutarate to form pyruvate and L-glutamate. 26 Recent studies have found that feeding pyruvate into the TCA cycle and subsequent oxidative phosphorylation as a result of glucose metabolic change polarized macrophages towards the anti-inflammatory phenotype. 27, 28 Thus, the knockdown of Gpt may result in such metabolic change.
In this study, we focused on siRNAs targeting ribosomal proteins; however, other siRNAs that suppressed IL-10 and enhanced TNF-α production were also noteworthy. For example, Pde1b (phosphodiesterase 1B) was the target of siRNA that had low IL-10 production and the highest TNF-α 
NPC (TNF-α)
production in this study (data not shown). Pde1b2 is one of two Pde1b variants and is expressed in macrophages. 29 It is possible that Pde1b siRNA increases cAMP because Pde1b hydrolyzes cAMP and cGMP, and it was reported that Pde1b2 knockdown resulted in reduced cAMP levels in the monocyte cell line HL-60. 30 Elevating cAMP levels enhances IL-10 production and suppresses TNF-α production. 31 Therefore, our results regarding Pde1b siRNA may be a result of decreased levels of cAMP in BMDMs.
Ribosomal proteins compose ribosomes with ribosomal RNA and affect protein translation. The biogenesis of ribosomes is critical in controlling cell growth and proliferation. Therefore, dysregulation of this process may result in diseases such as cancer and metabolic disorders. 32 In addition, ribosomal proteins have extraribosomal functions distinct from ribosomal biogenesis. Extraribosomal functions are involved in tumorigenesis, immune signaling, and diseases in development. 25 Rps3 is a negative regulator of inflammatory signaling that acts by modulating NF-κB-targeting gene expression. 25 In this study, several siRNAs targeting ribosomal proteins demonstrated low IL-10 production and high TNF-α production (Fig. 4A, B) . It was reported that 16 ribosomal proteins enhance p53 activity via MDM2 inhibition. 33 Among them, Rpl5 and Rpl11 were the targets of siRNAs that had low IL-10 production and high TNF-α production in this study. The role of p53 in inflammation as an NF-κB activity inhibitor has already been reported. 34 Macrophages from p53 -/-mice produced greater amounts of pro-inflammatory cytokines in response to LPS than those from p53 +/+ mice. 35 Therefore, Rpl5 and Rpl11 siRNAs may inhibit p53 activity, followed by enhancement of the production of the proinflammatory cytokine TNF-α. In addition, it was reported that casein kinase 2 beta subunit (Csnk2b), a regulatory subunit of casein kinase 2, which was the target of the siRNA scoring 1 in the deconvolution assay of IL-10-up-regulating siRNAs that exhibited low TNF-α production in this study (Supplemental Table 3 ), binds and phosphorylates Rpl5.
36, 37
Phosphorylation of ribosomal proteins may also be involved in the regulation of cytokine balance. Other ribosomal proteins that were targets of siRNAs shown in Fig. 3B and C were identified; however, elucidating the mechanisms of these ribosomal proteins and their relationships with cytokine Table 1 . The list of IL-10-down-regulating siRNA pools that met the criteria of NPC (IL-10) < 50 and NPC (TNF-α) >75 in reproducibility assays after the primary screen. The NPC (IL-10) and NPC (TNF-α) for each siRNA pool are shown. Cell viability of BMDMs transfected with siRNA pools relative to "non-targeting siRNA" is also shown. Values are means ± SD (n=4). The data are listed in descending order of NPC (TNF-α). Gene symbols of ribosomal proteins are underlined. production in BMDMs requires further studies. Regarding the balance between production of IL-10 and TNF-α, it was reported that rapamycin, an inhibitor of mammalian target of rapamycin (mTOR), reduced IL-10 expression and enhanced TNF-α expression induced by LPS in macrophages.
38 mTORC1 controls the synthesis of ribosomal proteins, which is one of the steps in ribosome biogenesis controlled by mTORC1. 39 Taken together with our data, the effects of rapamycin mentioned above may be due to inhibition of ribosome biogenesis.
In conclusion, we found that the knockdown of several ribosomal proteins resulted in low IL-10 production and high TNF-α production in BMDMs. This study may aid future research on diseases caused by dysfunction of ribosomal proteins. 
Supplemental Materials and Methods
Mice.
C57BL/6J mice were purchased from Charles River Laboratories Japan (Yokohama, Japan). All experiments were approved by the Ethics Committee for Animal Experiments of Asubio Pharma Co., Ltd. (Approval Number: AEK-12-216).
Preparation of BMDMs.
Bone marrow cells from hind legs of 6-8-week-old male C57BL/6J mice were washed in RPMI 1640 medium, centrifuged, and the cell pellet was resuspended in RPMI 1640 medium supplemented with 10% fetal bovine serum, 100 U/ mL of penicillin, 10 μg/mL of streptomycin, and 90 ng/mL of mouse M-CSF (R&D Systems, Minneapolis, MN, USA). After 3 days of incubation at 37°C in a 5% CO2 atmosphere in plastic tissue culture dishes, the cells were given fresh media containing M-CSF. On day 7 of culture, the dishes were washed, and adherent cells were collected by scraping. Cells were cryopreserved with CELLBANKER 1 (Nippon Zenyaku Kogyo Co. Ltd., Tokyo, Japan).
Selection of transfection reagents.
The non-targeting siRNA pool, Adgre1 siRNA pool, or Itgam siRNA pool (D-001206-13, M-043323-01, and M-046775-01, respectively; siGENOME, GE Dharmacon, Lafayette, CO, USA) were dispensed (500 nM, 2 μL) onto white ViewPlate-384 TC plates (PerkinElmer, Waltham, MA, USA). Transfection reagents (Supplemental Table 2 ) were diluted with Opti-MEM (Thermofisher Scientific, Waltham, MA, USA), and 20 μL of the reagents were added to the wells containing the siRNAs. Cryopreserved BMDMs were dissolved in DMEM (Nacalai tesque, Kyoto, Japan) supplemented with 0.1% heat-inactivated fetal bovine serum (Nichirei Biosciences, Tokyo, Japan). The BMDMs were seeded (1.5 × 10 4 cells, 10 μL/well) and incubated for 48 hr at 37°C in a 5% CO2 atmosphere. Total RNA was isolated using the RNeasy micro kit (Qiagen, Hilden, Germany). cDNA was synthesized from total RNA using the QuantiTect cDNA Reverse Transcript Kit (Qiagen). Quantitative PCR was performed using the TaqMan Gene Expression Master Mix (Thermofisher Scientific), PrimeTime qPCR Assays (Integrated DNA Technologies, Coralville, IA, USA) consisting of gene-specific TaqMan primers and probes, and the 7900HT Fast Real-Time PCR System (Thermofisher Scientific). Expression was normalized to that of β-actin, and expression levels were analyzed by the 2 -ΔΔ Ct method. Cell viability was measured using the CellTiter-Glo luminescent cell viability assay (Promega, Madison, WI, USA), where the cell number generally correlates with RLU.
Primary genome-wide siRNA screen and reproducibility assay.
The siRNA screen was performed using the mouse siGE-NOME siRNA library (G-015005-01; Mouse Genome, GE Dharmacon) in singlicate. This library contains 19,061 siRNA pools (SMARTpools): each pool contains four distinct siRNAs against non-overlapping regions of the target gene mRNA. This siRNA library was diluted to 500 nM with the siRNA buffer (GE Dharmacon) and 2 μL of the diluted siRNAs were dispensed onto white ViewPlate-384 TC plates (PerkinElmer). Cryopreserved BMDMs were thawed and suspended in DMEM (Nacalai tesque) supplemented with 0.1% heat-inactivated fetal bovine serum (Nichirei Biosciences). HiPerFect transfection reagent (Qiagen) was diluted 25-times with Opti-MEM (Thermofisher Scientific). Ten microliters of the diluted HiPerFect transfection reagent was aliquoted into each well containing the siRNA using mini-Gene LD-01 (Biotec, Tokyo, Japan). After a 10-min incubation, BMDMs were plated using mini-Gene LD-01 (1.5 × 10 4 cells, 10 μL/well). The plates were briefly spun at 1,000 rpm and placed at 37°C in a 5% CO2 atmosphere. At this point, the siRNA concentration was 45 nM. The next day, 10 μL of DMEM supplemented with 31.8% (final dilution being 10%) heat-inactivated fetal bovine serum was added using mini-Gene LD-01. After 3 days, the cells were stimulated with 100 ng/mL of lipopolysaccharide (LPS) (Sigma-Aldrich, St. Louis, MO, USA) for 24 hr.
Several control wells were set in each plate. The "nontargeting siRNA" cells were transfected with non-targeting siRNA (D-001210-02; GE Dharmacon) and stimulated with LPS (16 wells/plate). The "Zfp36 siRNA" cells were transfected with mouse Zfp36 siRNA (D-041045-04; GE Dharmacon) and stimulated with LPS (8 wells/plate). The "no siRNA" cells were treated with the transfection reagent and LPS -identical to the "non-targeting siRNA" cells, but without siRNA (4 wells/plate). The "no LPS" cells were transfected with non-targeting siRNA (D-001210-02; GE Dharmacon), but were not stimulated with LPS (14 wells/ plate). Concentrations of these siRNAs were the same as those of the siRNA libraries described above. The plate layouts are shown in Supplemental Fig. 1A .
The relative concentration of IL-10 was measured using the AlphaLISA mouse IL-10 immunoassay kit (PerkinElmer). EDR-384SII (Biotec) was used for liquid handling. Briefly, 4 μL of culture supernatants was transferred into assay plates (white ProxiPlate-384 Plus plates; PerkinElmer). Four microliters of the mixture containing acceptor beads and anti-IL-10 antibodies were added into the assay plates and incubated for 1 hr at room temperature. The assay plates were incubated in the dark at room temperature for 30 min, followed by the addition of 4 µL of the solution containing donor beads. The assay plates were read using an EnVision plate reader (PerkinElmer). The obtained signal data were normalized to remove plate-to-plate variation. The normalized percentage of control (NPC) was calculated using the following formula: NPC= (each value -average of "non -targeting siRNA") ×100 (average of "Zfp36 siRNA" -average of "non-targeting siRNA") Cell viability was also measured using the CellTiter-Glo luminescent cell viability assay (Promega), and calculated as the ratio of RLU of each siRNA pool-treated well to the average RLU of "non-targeting siRNA". Briefly, part of the supernatant in culture plates was discarded, and 10 µL of the supernatant was left. After equilibration to room temperature, 5 µL of CellTiter-Glo substrate was added into the culture plates. The culture plates were read using an EnVision plate reader (PerkinElmer).
For reproducibility confirmation, hit siRNA pools were selected from the siRNA library and assayed as described above, but in quadruplicate and with additional measurement of TNF-α using the AlphaLISA mouse TNF-α immunoassay kit (PerkinElmer). To achieve the best knockdown conditions, we examined 13 transfection reagents with Adgre1 (F4/80) and Itgam (Mac-1) siRNAs (siGE-NOME; GE Dharmacon), as they are common macrophage markers. In this examination, we used the reverse transfection method, adding cells to pre-plated transfection reagent-siRNA complexes. Thirteen transfection reagents were examined at more than 2 concentrations; the results at 2 concentrations are shown. Expression levels of Adgre1 and Itgam in Adgre1 and Itgam siRNA-transfected BMDMs relative to those in non-targeting siRNA pool-transfected BMDMs are shown, respectively. Simultaneously, the cell viability of non-targeting siRNA pool-transfected BMDMs relative to that of non-transfected BMDMs was calculated using the CellTiter-Glo luminescent luciferase assay. Values are means (n = 2). We chose conditions in which the knockdown efficiency for both Adgre1 and Itgam mRNA was >80%, with concomitant high cell viability (>80%). Values marked with red met these criteria. Among these transfection reagents, HiPerFect, TransITsiQUEST, and TransIT-TKO induced sufficient mRNA knockdown (>80%) with concomitant high cell viability (>80%) at a certain concentration. Further examination revealed that the appearance of BMDMs transfected with TransIT-TKO was erroneous and the TNF-α concentration in the supernatant of BMDMs transfected with TransIT-siQUEST was low. Thus, we chose the HiPerFect transfection reagent for the siRNA screen. . The Z' value between "no LPS" and "non-targeting siRNA" for IL-10-down-regulating siRNAs was approximately 0.5, whereas for IL-10-up-regulating siRNAs between "non-targeting siRNA" and "Zfp36 siRNA", it was lower than 0.5 and, in some plates, lower than 0. A Z' factor >0.5 is the general criterion in a compound screen. However, a lower Z' factor may be acceptable in RNAi screens. 
